KCN artificially added to leaves of cyanogenie and aeyanogenic forms of L. csrniculatus and T. repens at concentrations found in white clover plants reduced photosynthesis to zero. At the same concentration, respiration was only inhibited in the cyanogenie phenotype of T. repens. Higher concentrations of KCN inhibited respiration in both species but to a greater degree in the cyanogenie form of T. repens.
INTRODUCTION
DAMAGE to tissues of the cyanogenic phenotype of L. corniculalus and T.
repens releases detectable amounts of HCN (Melville et al., 1940) . Two suggested climatic factors responsible for the release of cyanide are frosting (Daday, 1965) and soil moisture stress (Foulds and Grime, 1972) . Daday proposed that the selection exerted by frosting against cyanogenic plants of T. repens is due to the activation of linamarase, release of HCN from the glucoside and the irreversible inhibition of respiration resulting in tissue death.
Cyanide is a very unspecific enzyme inhibitor. It inhibits a large number of enzymes which do not involve a metal catalysis as well as a number that do contain metals, e.g. it combines with iron in cytochrome oxidase, thus inhibiting respiration (Marsh and Goddard, 1939; Dixon and Webb, 1966; Lundegârdh, 1966) .
The strongest concentration of HCN recorded in single cyanogenic plants of T. repens was 500 p.p.m. (green weight) by Melville et al. (1940) , but Corkill (1940) found that among clover strains the highest value obtained was 350 p.p.m. on a green weight basis, and this doubtless represents the maximum obtainable under pasture conditions. Leaves of the cyanogenic phenotype of L. corniculatus during flowering can contain 98 p.p.m. per green weight (Zhukovski, 1956 ).
The following experiments were devised to test the hypothesis that the HCN released from the leaves of cyanogenic plants of L. carniculatus and T. repens by the two agents, frosting and moisture stress, inhibits respiration 19 and possibly photosynthesis. The effect of 350 and 1000 p.p.m. potassium cyanide on both eyanogenic and acyanogenic phenotypes of the two species was also investigated.
MATERIALs AND METhODs
The rate of photosynthesis and respiration of treated and control leaves was measured by using a circular Warburg apparatus (Model VL 166). Lighting was provided by bulbs which gave a light intensity of 1200 lux at flask level and the temperature was maintained at 30°C.
To test the effect of frosting on detached leaves, samples of shoots taken from 10 plants of each phenotype of both legume species were put into a beaker of water which was placed in a refrigerator at 1°C (± 05°C) for 18 hours. The most recently opened trefoils were then detached from the shoots and placed on a gauze floating on deionised water at 22°C for 1 hour.
Untreated leaves from shoots which had been kept at 22°C for a similar period were also placed on gauze. After this initial period of equilibrium on the gauze, five leaves of each phenotype were placed, abaxial surface uppermost, in a Warburg flask, using 05 cm3 of diethanolamine in the centre well. (This buffer gives a constant carbon dioxide concentration of approximately 1 per cent.) The effect of frosting on the metabolic processes of leaves while still attached to the plant was measured by placing 10 whole potted plants (similar to those in the previous experiment) in a refrigerator at 1°C for 18 hours. A similar number of plants were kept in the dark at 22°C for the same period of time. Samples of the most recently opened leaves were collected from the treated and untreated plants and placed in the same equilibrium equipment as hefore.
The effect of the droughting on the two metabolic processes was tested by allowing cyanogenic and acyanogenic plants of the two species to dry until the leaves had wilted for 4 days. Samples of recently opened leaves of droughted and control individuals (kept moist for the same period of time) were then cut from the plants and measurements made (after equilibration).
The fourth experiment consisted of taking 10 sets of five untreated leaves as before and placing them in a Warburg flask which contained 05 em3 of KCN (350 or 1000 p.p.m.). Ten sets of control leaves were placed in flasks that contained 05 cm3 of deioniscd water.
All means were compared by the use of a "1" test and the null hypotheses are of the usual two-tailed kind.
RESULTS
The rate of photosynthesis of detached leaves of cyanogcnie and acyanogenie phenotypes of L. corniculatus, when frosted, was reduced by 75 per cent (P <0.001) when compared with the untreated leaves (table 1).
However, the same metabolic process in the aeyanogenic phenotypes of T. repens was unaffected by the treatment but the cyanogenic form was significantly reduced (0.01 > P> 0001). There was a slight stimulation in the rate of respiration in cyanogenic and acyanogcnic forms of both species of legume but this was only significant in the case of the acyanogenic phenotype of T. reens. Frosting of entire plants for a period of 18 hours at 1°C had no significant effect on respiration of leaves of either species, whether cyanogenic or acyanogenic (table 2) . Photosynthesis was only inhibited significantly in the cyarkogenic form of L. corniculatus (0.05>P>O.01) and the acyanogenic phenotype of T. repens (P<0.OOl).
The droughting of plants sufficient to cause the leaves to he wilted for 4 days and reduce the relative water content to approximately 40 per cent inhibited the rate of photosynthesis of cyanogenic and acyanogenic leaves (207) 307 (014) 384 (016) * Includes measurements on all three acyanogenic phenotypes.
t The entries in brackets represent the standard error of the mean. (070) 257 (016) 268 (008) Aeyanogenie* 22 2645 (190) 1086 (099) 433 (037) 304 (018) I. repens Cyanogenie 20
2940 (396) 1796 (372) 268 (011) 265 (011) Aeyanngenie * 26 3527 (267) 1792 (192) 257 (009) 278 (015) * Includes measurements oss all three aeyanogenie phenotypes.
t The entries in brackets represent the standard error ot the mean. The eistries in brackets represent the standard error of the mean.
Dsscussioi
The present study indicates that should cyanide be released in the leaves of cyanogenic forms of L. corniculalus and T. rebenx at concentrations recorded by Corkill, 1952 (350 p.p.m.) , the effect is greater on the enzymes concerned with photosynthesis than respiration. This conclusion is possible despite the inability of the Warburg apparatus to measure photorespiration. The results suggest that photosynthesis, and not photorespiration, is inhibited by the cyanide; otherwise, if the reverse were the case, the CN treated leaves would possess higher rates of photosynthesis than the controls. When KCN was added at a concentration of 350 p.p.m. then photosynthesis was completely inhibited in all leaves but dark respiration was only inhibited in the cyanogenic phenotype of T. repens. The addition of 1000 p.p.m. CN (above that suggested by Corkill, 1952 (350 p.p.m.) and Melville et al., 1940 (500 p.p.m.) ), again completely inhibited photosynthesis in all phenotypes of the two species. Respiration was also inhibited in all forms of the two legumes but to a greater degree in tissues of T. repens; the cyanogenic phenotype of T. repens was the greatest affected and the cyanogenic phenotype of L. corniculatus was the least affected at this higher concentration of KCN. Thus it appears that the enzymes concerned with photosynthesis are more sensitive to the two concentrations of KCN used than those of respiration, and this latter process is affected to a greater extent in tissues of T. repens than those of L. corniculatus.
One short period of frosting had no effect on the rate of respiration of either of the phenotypes in L. corniculatus or T. repens. However, photosynthesis was inhibited to a slight degree but with no greater effect on the cyanogenic as compared with the acyanogenic phenotypes. This could mean that the treatment was either not sufficiently severe or not sufficiently prolonged to release the cyanide in cyanogenic leaves. In any case, Jones (1972) proposed that winter temperature may be much less important in determining the distribution of cyanogenic forms of L. corniculatus in European populations. Daday (1954a, b) argued that temperature is a major factor in maintaining the polymorphism in T. repens and that there was a linkage between the Ac gene (glucosidic forms) and genes concerned with fitness responses to temperature. If this is the case in T. repens there may well be no such genetic linkage in L. corniculatus. In both species the release of cyanide in leaves of cyanogenic phenotypes during tissue damage has no effect on photosynthesis or respiration because individuals or species may be partly or wholly resistant to HCN, thus conferring protection to the plant from grazing animals. However, the artificial addition of cyanide suggests that this is not the case.
Relatively severe drought reduced the rate of photosynthesis in all forms of L. corniculatus and T. repens. On the other hand, respiration was unaffected by the treatment in cyanogenic and acyanogenic phenotypes of the two species with the possible exception of the acyanogenic form of L. corniculatus. No satisfactory explanation can be given for this latter result. Thus the photosynthetic apparatus is more susceptible to drought but the moisture stress does not appear to be responsible for any release of cyanide from the cyanogenic tissues or if CN is released it has no inhibitory effect.
If winter temperature is the sole major selecting agent in Y. repens it is difficult to understand why the populations remain polymorphic. Jones (1970) suggested that it is more likely that cyclic effects of temperature are of consequence in T. repens, influencing the glucosidic form. He also argued that the effect of January mean temperature may be on the distribution of the animals which eat L. corniculatus and T. repens rather than on the plants directly; these two explanations need not be mutually exclusive.
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The influence of cyclic drought may also be of significance in the maintenance of the polymorphism of cyanogenesis in wild populations of the two species.
